Introduction {#sec1_1}
============

The pancreas is formed by ventral and dorsal pancreatic buds originating from the endodermal lining, at the junction of the foregut and midgut during the fourth week of gestation. Eventually when the duodenum rotates to the right, the ventral pancreatic bud migrates dorsally and finally comes to lie immediately below and behind the dorsal pancreatic bud. Later, the parenchyma and duct system of the ventral pancreatic bud fuses completely with the dorsal pancreatic bud. Since the pancreas and the biliary tract undergo a complex developmental process, various malformations occur in the pancreaticobiliary system (e.g. annular pancreas, pancreas divisum, anomalous arrangement of the pancreaticobiliary duct, congenital biliary dilation and biliary atresia). Annular pancreas is a congenital anomaly in which histologically normal pancreatic tissue encircles the second portion of the duodenum either partially or completely, thereby causing stenosis or obstruction of the duodenum. The pancreatic duct should open to the major papilla of annular pancreas. However, the ventral pancreas of this case encompassed almost the entire circumference of the pyloric ring. This case was very rare and could not be classified in any type of congenital anomaly of the pancreas. It was classified as a subtype of annular pancreas.

Case Report {#sec1_2}
===========

A 56-year-old woman visited our institution with chief complaints of epigastric and back pain. She had experienced occasional pain for 20 years. She had no signs of peritoneal irritation, but the upper abdomen was tender. Blood tests results were: total bilirubin 2.5 mg/dl, direct bilirubin 1.2 mg/dl, aspartate aminotransferase 48 IU/l, alanine aminotransferase 55 IU/l, alkaline phosphatase 814 IU/l, γ-glutamyl transpeptidase 333 IU/l, white blood cells 4,600/μl and C-reactive protein 1.14 mg/dl, while amylase and lipase were within normal limits. Although she had no history of biliary surgery or endoscopic sphincteropapillotomy, computed tomography showed dilatation of the intrahepatic and extrahepatic bile ducts, and internal air density was observed (fig. [1](#F1){ref-type="fig"}). There were no obvious neoplastic lesions in the biliary tract or pancreas. Upper gastrointestinal endoscopy showed no duodenal papillae in the second segment of the duodenum, but there were two small juxtaposed orifices on the pyloric ring (fig. [2](#F2){ref-type="fig"}). One of the small orifices was excreting bile. It was determined that the patient had separate orifices for the pancreatic and biliary ducts on the pyloric ring. When contrast agent was administered into each orifice, the bile duct and the pancreatic duct were separately outlined (fig. [3](#F3){ref-type="fig"}). Based on these test results, malformation of the pancreaticobiliary duct was diagnosed. Since she did not wish to have the anomaly treated, she was followed-up without intervention for 2 years. However, 2 years after the diagnosis, she was again hospitalized with acute cholangitis. Her duodenum had become stenotic, causing obstruction. Since the bile duct had an orifice at the pyloric ring, there was pressure on the bile duct and cholangitis accompanied by sepsis had thus developed. In order to prevent retrograde cholangitis and pancreatitis as well as to resolve the duodenal stenosis, we performed subtotal stomach-preserving pancreatoduodenectomy. The ventral pancreas surrounded the pyloric ring subcircularly and no pancreatic tissue was seen at the second segment of the duodenum. The dorsal pancreas was located higher than its normal position. There was only one extrahepatic bile duct and no abnormalities were detected. Anomalous junction of the cystic duct was confirmed to be absent. Based on these findings, we diagnosed the patient as having one of the subtypes of annular pancreas (fig. [4](#F4){ref-type="fig"}). Macroscopic findings of the resected specimen also showed that the orifices of the pancreatic and bile ducts were located at the pyloric ring (fig. [5](#F5){ref-type="fig"}). Histopathological findings demonstrated a ventral and a dorsal pancreas accompanied by the duct of Wirsung and the duct of Santorini, respectively. Fibrillization and fatty replacement were seen mainly in the ventral pancreas. The bile duct also showed ulceration and fibrillization near the orifice (fig. [6](#F6){ref-type="fig"}). It was believed that fibrillization of the pancreaticobiliary duct had caused stenosis of the pyloric ring. The patient was discharged without postoperative complications. One year has passed, to date, since the surgery and she remains asymptomatic.

Discussion {#sec1_3}
==========

The pancreas is formed by two anlages, the dorsal and ventral pancreatic anlages, which arise around the fourth week of gestation. The dorsal pancreatic anlage develops at the dorsal side of the duodenum, slightly superior to the hepatic diverticulum at the end of the fourth week of gestation. It grows anterior to the portal vein, by the sixth week. Right and left ventral pancreatic anlages develop adjacent to the biliary bud from the end of the fourth through the fifth week of gestation. The left ventral anlage degenerates by the middle of the sixth week, with only the right ventral anlage remaining. By the sixth or seventh week of gestation, the right ventral anlage and the common bile duct rotate clockwise along with the duodenum, migrating until it comes under the dorsal pancreatic anlage and fuses with it during the seventh week. Consequently, the ventral pancreatic anlage forms the posterior inferior portion of the head and the uncinate process of the pancreas while the dorsal pancreatic anlage forms the superior portion of the head as well as the body and tail of the pancreas \[[@B1]\]. During the early stage of pancreatic development, there are right and left ventral ducts, but the left duct degenerates by the middle of the sixth week of gestation. By the end of the seventh week when the right ventral and dorsal pancreatic anlages coalesce, the ascending branch, not the descending branch, of the ventral pancreatic duct communicates with the dorsal pancreatic duct to form the duct of Wirsung \[[@B2]\], which opens with the bile duct into the duodenum to form the major duodenal papilla (the papilla of Vater) \[[@B3]\]. In addition, the dorsal pancreatic duct located in the superior portion of the head of the pancreas becomes the duct of Santorini, and it opens into the minor duodenal papilla which is located more rostrally than the major pancreatic duct. On the other hand, the bile duct is originally in a 'solid stage' as with the duodenal anlage. Vacuolization starts from the inferior part of the common bile duct toward the hepatic side from the sixth week, and by the tenth week, formation of the bile duct with a full tubular structure is completed. The junction of the inferior common bile duct and the ventral pancreatic duct is detached from the duodenum at the end of the fifth week of gestation, and then again approaches the duodenum around the eighth week, finally inverting and invaginating into the wall of the pancreas to form the papilla of Vater around the tenth week \[[@B3]\]. Annular pancreas is a congenital anomaly in which histologically normal pancreatic tissue encircles the second portion of the duodenum either partially or completely, thereby causing stenosis or obstruction of the duodenum \[[@B4]\]. It was first reported by Tiedemann \[[@B5]\] in 1818 and named by Ecker in 1862 \[[@B6]\]. It is usually found in children, but with advances in diagnostic imaging including magnetic resonance imaging, endoscopic retrograde cholangiopancreatography and endoscopic ultrasound, increasing numbers of adult cases have been reported \[[@B7], [@B8], [@B9], [@B10]\]. There are several hypotheses regarding the pathogenesis of annular pancreas. One hypothesis is that the free end of the ventral anlage is fixed and stays on the ventral side of the duodenum, allowing the ventral anlage to encircle the second portion of the duodenum to form a ring \[[@B11]\]. The second hypothesis is that both the ventral and the dorsal side of the ventral anlage are enlarged in a lingulate form to incompletely encircle the duodenum \[[@B12]\]. The third hypothesis is that the residual left lobe and overgrowth of the right lobe of the ventral pancreatic anlage both cause annular pancreas \[[@B13]\]. However, according to these hypotheses, the pancreatic duct from the annular portion should open to the major papilla, which cannot explain all courses of the pancreatic duct in cases of annular pancreas. Furthermore, although there are several classifications of annular pancreas based on the morphology of the pancreatic duct at the annular portion \[[@B14], [@B15]\], there are cases which cannot be classified or have pancreatic ducts with an extremely complex course. Therefore, annular pancreas may be caused by a variety of anomalies occurring during the course of development of the pancreatic anlages and the duodenum. Annular pancreas usually involves a lesion in the second portion of the duodenum, and the pancreatic and bile ducts merge at the papilla. However, in our case, (1) the pancreas encircled the pyloric ring, (2) the pancreatic duct itself did not have an annular structure and pancreatic parenchyma surrounded the pyloric ring subcircularly, (3) the pancreatic and bile ducts had separate orifices, and (4) the orifices of the pancreatic and bile ducts were located on the pyloric ring. Moreover, the pancreas had both ventral and dorsal sides and neither the body nor the tail was absent. The ducts of Wirsung and Santorini were present and coalescence was observed. There was one common bile duct and the extrahepatic bile duct had a normal course, and the junction of the cystic duct was also normal. Since our literature search yielded no similar cases, we ultimately diagnosed our patient as having a subtype of annular pancreas. We believe that our patient had multiple anomalies which had arisen in the sixth or seventh week of gestation, when the left and right ventral pancreatic anlages degenerate and rotate, and then persisted into the tenth week, when the papilla of Vater is formed. As mentioned earlier, since the pancreas and the biliary tract undergo a complex developmental process, various malformations occur in the pancreaticobiliary system. Apart from annular pancreas, pancreatic malformations include pancreas divisum and agenesis of the body and tail of the pancreas, and biliary malformations include anomalous arrangement of the pancreaticobiliary duct, congenital biliary dilation, biliary atresia, anomalous course of extrahepatic bile ducts and agenesis of the gallbladder. We believe our case to represent one of the subtypes of these developmental anomalies of the pancreaticobiliary system.

Conclusion {#sec1_4}
==========

This is the first report of an extremely rare form of annular pancreas with ectopic opening of the pancreatic and bile ducts on the pyloric ring.
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![**a** Contrast computed tomography shows mild pancreatic duct dilation and air density in the pancreatic (arrow) and common bile ducts (arrowhead). **b** The common bile duct shows dilatation. Air density can be seen in the intrahepatic and extrahepatic bile ducts. Orifices of the pancreatic and bile ducts appear to be close to the duodenal bulb (arrow).](crg-0010-0373-g01){#F1}

![Upper gastrointestinal endoscopy shows no duodenal papillae in the second segment of the duodenum, but two small juxtaposed orifices (arrow) are present on the pyloric ring (arrowhead).](crg-0010-0373-g02){#F2}

![**a** When contrast agent was administered into each orifice, the bile duct and the pancreatic duct were outlined separately. **b** The duct of Santorini (arrow) showed no dilatation and appeared to be relatively thin as compared to the duct of Wirsung (arrowhead), but both fused at the head of the pancreas, and neither was annular.](crg-0010-0373-g03){#F3}

![The ventral pancreas can be seen to surround the pyloric ring (arrowhead) subcircularly and there is no pancreatic tissue at the second segment of the duodenum (arrow). The dorsal pancreas is located in a higher than normal position.](crg-0010-0373-g04){#F4}

![**a** The ventral pancreas surrounded the pyloric ring subcircularly and no pancreatic tissue was seen at the second segment of the duodenum. **b** Macroscopic findings of the resected specimen also show the orifices of the pancreatic and bile ducts to be located on the pyloric ring.](crg-0010-0373-g05){#F5}

![Histopathological findings demonstrate fibrillization and fatty replacement, mainly in the ventral pancreas. The bile duct also shows ulceration and fibrillization near the orifice (H&E, ×20).](crg-0010-0373-g06){#F6}
